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I
nfluenza virus is an important cause of respiratory illness among children. Modeling studies suggest that children younger than two years of age have high rates of hospitalization attributable to influenza; these rates are similar to rates of hospitalization attributable to influenza among older adults. 1,2 However, rates of hospitalization and outpatient visits attributable to laboratory-confirmed influenza infections are not well described.
In 1999, the New Vaccine Surveillance Network (NVSN), sponsored by the Centers for Disease Control and Prevention (CDC), began prospective surveillance to determine population-based rates of laboratory-confirmed influenza and to assess the effects of recommendations regarding vaccination. 3 Before 2002, annual vaccination against influenza was recommended only for children older than six months of age with certain coexisting conditions and for household contacts of those children. During the 2002-2003 and 2003-2004 influenza seasons, vaccination was encouraged for all children 6 to 23 months of age. Routine vaccination of all children 6 to 23 months of age was recommended beginning in 2004.
To determine rates of visits attributable to influenza, we performed active, prospective surveillance among children younger than five years of age who resided in three counties and presented to the inpatient and outpatient settings with acute respiratory tract infections or fever. This study differed from two previous NVSN reports. One report included only data from the first year of surveillance from inpatient settings, and the other was a brief summary of hospitalization rates for four years. 3, 4 In the current study, we determined hospitalization rates, estimated rates of outpatient visits, and compared the relative burdens attributable to influenza in the inpatient and outpatient settings of visits before the recommendation for routine vaccination against influenza of all children 6 to 23 months of age. We also determined the proportion of these influenza illnesses that was recognized clinically.
Me thods

Study Design
Inpatient Population
A prospective, population-based study of hospitalizations attributable to laboratory-confirmed influenza was performed year-round in counties that encompass Nashville and Rochester, New York, beginning in October 2000 and in Cincinnati beginning in October 2003. Each site conducted surveillance through September 2004 at hospitals in which at least 95 percent of hospitalizations for acute respiratory tract infections or fever occurred among children residing in the county. More detailed information on site selection, comparison with the U.S. population, and specific laboratory methods, as well as calculations of the rates of inpatient and outpatient visits, are in the Supplementary Appendix (available with the full text of this article at www.nejm.org).
Study nurses enrolled children from Sunday to Thursday within 48 hours after admission to surveillance hospitals. Eligible children were county residents, were younger than five years of age, and were admitted with a diagnosis of acute respiratory tract infection or fever. Excluded were children with respiratory symptoms for more than 14 days; children with fever, and neutropenia associated with chemotherapy; children hospitalized in the prior 4 days or transferred from another surveillance hospital; and newborns never discharged from the hospital.
Outpatient Population
A prospective study of laboratory-confirmed influenza among county children presenting to selected clinics and emergency departments with symptoms of acute respiratory tract infection or fever was performed during the -2003 and 2003 -2004 influenza seasons in Nashville and Rochester, and during 2003 -2004 in Cincinnati. Study nurses enrolled approximately six to eight children per setting per surveillance day in clinics and emergency departments using similar inclusion and exclusion criteria. Because several eligible children might have been available concurrently, to avoid selection bias nurses approached eligible children in the order in which they checked in. Children were enrolled one or two days per week in one to four pediatric clinics per county and were enrolled three or four days per week in the only emergency department associated with the children's hospital in each county. The percentage of all visits attributable to acute respiratory tract infection or fever for county children seen at these emergency departments was 30 percent in Nashville, 70 percent in Rochester, and 95 percent in Cincinnati.
Written informed consent was obtained from each child's parent or guardian before enrollment. The institutional review boards at each study site, the participating surveillance hospitals, and the CDC approved the study.
Demographic and Clinical Information
Demographic information, medical and social history, and influenza-vaccination status were obtained from a standardized survey administered to the parent or guardian. Race and ethnicity were determined by parental report and, for children with missing data, by chart review. We obtained the history of the underlying medical conditions for which vaccination against influenza is routinely recommended, laboratory and radiographic results, hospital course, and discharge diagnoses from a chart review. 3
Laboratory Tests
At each site, one nasal swab and one throat swab were collected from each enrolled child. A specimen was defined as being influenza-positive if viral culture or duplicate reverse-transcriptasepolymerase-chain-reaction (RT-PCR) assays were positive for influenza A or B. 3,5
Definition of Influenza Season for Outpatient Surveillance
Outpatient surveillance began the first week after two positive tests for respiratory syncytial virus or influenza virus were identified in two consecutive weeks in local research or hospital laboratories. Surveillance ended after fewer than two positive tests were detected in two consecutive weeks. The influenza season comprised the 13 consecutive weeks that contained the maximum number of influenza cases.
Statistical Analysis
Characteristics of children were evaluated with the use of chi-square analysis for covariates and Student's t-test for continuous variables. The test for trend described by Armitage 6 and Cochran 7 was used to compare the proportions of children vaccinated according to year. A two-sided P value of less than 0.05 was considered to indicate statistical significance. All statistical analyses were performed with SAS software (version 9.1) and Stata software (versions 8.1 and 8.2).
We calculated the number of hospitalizations per 1000 children using the seasonal weighted number of hospitalizations attributable to influenza-related acute respiratory tract infections or fever, adjusting for the number of days of surveillance and proportion enrolled, divided by the county population according to the 2000 U.S. Census and multiplied by 1000. The 95 percent confidence intervals were calculated with the use of 1000 bootstrap samples for each rate. 3 For each 13-week influenza season, we calculated the proportion of children with confirmed influenza infection enrolled in the selected clinics and emergency departments at each site. The 95 percent confidence intervals were computed with the use of the binomial distribution. 8 Outpatient surveillance was not populationbased, so to estimate population-based rates of visits for acute respiratory tract infection or fever we used the National Ambulatory Medical Care Survey (NAMCS) and the National Hospital Ambulatory Medical Care Survey (NHAMCS) data from January to March of 1998 through 2002; these data encompassed five influenza seasons. 9, 10 We estimated rates of acute respiratory tract infection or fever attributable to influenza by multiplying the influenza burden for each age group, setting, and study year (from outpatient surveillance) by the estimated age-specific rate of acute respiratory tract infection or fever (from NAMCS/NHAMCS). The 95 percent confidence intervals accounted for the estimation in both the burden (according to setting) and the rate of acute respiratory tract infection or fever with the use of the delta method. 11 We also calculated the population-based rates for the Cincinnati and Rochester pediatric emergency departments and compared them with the 95 percent confidence intervals for the estimated rates of emergency department visits.
R esults
Inpatient Surveillance
Study Population
Of 3359 eligible children with acute respiratory tract infection or fever from October 2000 through September 2004, 2797 (83 percent) were enrolled. Of this group of enrolled children, 160 (6 percent) had laboratory-confirmed influenza. Characteristics of children hospitalized with influenza infections were similar at each site and in each study year, so we present cumulative results (Table 1) . Younger children accounted for most of the hospitalizations -nearly half were younger than 6 months of age and 80 percent were younger than 24 months of age. Both children with and those without influenza averaged 4 days of symptoms before enrollment (3.7 with influenza vs. 4.0 without influenza, P = 0.43).
Clinical Manifestations
Hospitalized children with influenza who were 0 to 5 months of age and 6 to 59 months of age had a median of 3 and 4 symptom days (range, 1 to 14) before admission, respectively; however, a mean (±SE) of 35±4 percent had symptoms for 2 days or less. Most children had fever (93±2 percent), cough (87±3 percent), and rhinorrhea (83±3 percent). Fewer children 0 to 5 months of age than those 6 to 59 months of age had cough (80 percent vs. 94 percent, P = 0.01) or both fever and cough (70 percent vs. 91 percent, P = 0.001). Children with influenza were hospitalized for a median of two days, and 4±2 percent were admitted to the intensive care unit (Table 2 ). Children 0 to 5 months of age as compared with those 6 to 59 months of age required oxygen less often but had more blood, urine, or cerebrospinal fluid cultures obtained and had proportionally fewer chest radiographs (P<0.05 for each). Bacterial (49) 1250 (47) 20 (7) 250 (18) 6-23 mo 49 (31) 856 (32) 107 (40) 659 (47) 24-59 mo 32 (20) 531 (20) 140 (52) coinfection was identified in only one child, a one-month-old infant with group B streptococcal bacteremia. Twenty-two children with influenza had other viral coinfections (17 had respiratory syncytial virus, 4 adenovirus, and 1 parainfluenza virus), but their hospital course was similar to that of children without coinfections. Bronchiolitis, viral illness, and fever or suspected sepsis were diagnosed in half of all children with influenza. Of all children with laboratory-confirmed influenza, influenza was diagnosed in only 28±3 percent.
Vaccinations against Influenza
Among all children 6 to 59 months of age with acute respiratory tract infection or fever who were hospitalized from November through March, parents reported that 16 percent, 11 percent, 23 percent, and 23 percent had received one or more doses of influenza vaccine during year 1, year 2, year 3, and year 4 of the study, respectively (P<0.01 for trend). For children with and those without coexisting conditions for which influenza vaccine is specifically recommended, 26 percent and 9 percent were vaccinated, respectively (P<0.001). For healthy children 6 to 23 months of age, influenza vaccination rates were 11 percent, 4 percent, 10 percent, and 16 percent during year 1, year 2, year 3, and year 4, respectively (P<0.01 for trend).
Diagnosis of Influenza Infection
Of laboratory-confirmed influenza infections in 160 hospitalized children, 46±4 percent were identified by culture and PCR, 48±4 percent were identified by PCR only, and 7±2 percent were identified by viral culture alone. Influenza A accounted for 89±2 percent of infections. Surveillance laboratory results were not available to the clinicians before the patients were discharged, so only 28±4 percent of all children and 43±19 percent of children admitted to the intensive care unit with influenza infections had a discharge diagnosis of 
Hospitalization Rates
From 2000 to 2004, an average of 0.9 per 1000 children 0 to 59 months of age were hospitalized with laboratory-confirmed influenza (95 percent confidence interval, 0.8 to 1.1 per 1000) with annual variations according to age group, year, and site (Table 3 and Fig. 1 ). Average annual rates of hospitalization attributable to influenza were 4.5 per 1000 children 0 to 5 months of age (95 percent confidence interval, 3.4 to 5.5 per 1000), 0.9 per 1000 children 6 to 23 months of age (95 percent confidence interval, 0.7 to 1.2 per 1000), and 0.3 per 1000 children 24 to 59 months of age (95 percent confidence interval, 0.2 to 0.5 per 1000).
Outpatient Surveillance
Study Population
Among all 1742 children enrolled in outpatient clinics and emergency departments during the 13-week influenza seasons, 274 children (16 percent) had confirmed influenza infections. Children with influenza and children without influenza had similar characteristics (Table 1) except that influenza was detected more often in older children. Both children with influenza and children without influenza had 3.9 days of symptoms before enrollment (P = 0.93), and 42±4 percent of children in the emergency department and 25±4 percent of children in the clinic had symptoms for 2 days or less. Among children presenting to clinics, 8±2 percent of children 0 to 5 months of age had influenza, and 28±9 percent of them were subsequently hospitalized; 14±1 percent of children 6 to 23 months of age had influenza, and 4±2 percent of them were hospitalized; and 22±2 percent of children 24 to 59 months of age had influenza, and less than 1 percent of them were hospitalized.
Clinical Manifestations
Clinical manifestations of influenza in the outpatient settings were similar among all age groups. Common symptoms included fever (95±1 percent of the children), cough (96±1 percent), and rhinorrhea (96±1 percent). Most children (91±2 percent) had fever and cough. Otitis media was diagnosed in approximately 28±1 percent of the children, pneumonia in 6±0.6 percent, and seizures in 1±0.2 percent; the frequency of these diagnoses did not differ significantly between children with influenza and children without influenza. Asthma occurred less frequently among children with influenza than among children without influenza (6 percent vs. 12 percent, P = 0.003). Overall, only 17±2 percent of children in outpatient settings with laboratory-confirmed influenza infections were given a diagnosis of influenza by their providers. Of these children with a diagnosis of influenza, some children received a diagnosis of asthma, pneumonia, or seizures, and the rest were given a nonspecific diagnosis of a viral infection.
Vaccinations against Influenza
More parents reported that enrolled children 6 to 59 months of age who presented to the clinic had received a vaccination against influenza during (Table 4) . National rates of visits for acute respiratory tract infection or fever were 489 clinic visits and 94 emergency department visits per 1000 children younger than five years of age. The estimated rates of visits attributable to influenza, obtained by multiplying NVSN data on the percentage of visits for influenza by the national rates of visits, yielded 50 and 95 outpatient visits and 6 and 27 emergency department visits per 1000 children younger than five years of age in the two successive surveillance years. Surveillance of the Rochester and Cincinnati emergency departments included close to 70 percent and 95 percent of county children, respectively, so we also calculated the rates of population-based emergency department visits directly in those locales. In Rochester in 2002-2003, the weighted outpatient population-based rate was 5 per 1000 children, as compared with the estimated rate of 4 to 9 per 1000 children (Table 4) . In 2003 In -2004 , the population-based rates were 26 and 30 per 1000 children in Rochester and Cincinnati, respectively, as compared with an estimated rate of 22 to 33 per 1000 children. Overall, rates of visits to clinics and emergency departments attributable to influenza were highest among children 6 to 23 months of age and lowest among children 0 to 5 months of age. Altogether, visits attributable to influenza were common, with 56 visits to clinics and emergency 
Discussion
We used active, prospective surveillance with laboratory confirmation over a period of four years 4 (6.0-19.1) 39.0 (32.0-46.4) 60 (49-71) 7 (4-12) 23 (18-30) to estimate rates of influenza infection among children in inpatient and outpatient settings. We found a much higher burden of influenza infection in the outpatient setting than in the inpatient setting, a large variation in burden according to the year and site, and a lack of clinical recognition of influenza during most visits. Much of this influenza disease burden may be prevented through vaccination.
In our study, most influenza infections in children were not diagnosed clinically. Only 28 percent of hospitalizations and 17 percent of outpatient visits by children with laboratory-confirmed influenza infections had a discharge diagnosis of influenza, despite the usefulness of rapid influenza tests. 12-14 As previously noted, surveillance that relies on data from physician-directed testing alone substantially underestimates the influenza burden. 15, 16 In addition, approximately 35 percent of children presented within two days after the onset of illness, when antiviral medications may have shortened the duration and severity of illness. Increased use of rapid influenza testing may raise awareness of the influenza burden among children, increase the use of antiviral medications, improve infection-control activities, and increase the perceived need for and use of influenza vaccine.
Although hospitalization rates attributable to influenza are important, the average annual rates of outpatient visits attributable to influenza were approximately 10, 100, and 250 times as high as hospitalization rates for children 0 to 5 months, 6 to 23 months, and 24 to 59 months of age, respectively.
The annual rates of hospitalization attributable to influenza, as determined prospectively by the NVSN, correspond to previously reported rates from retrospective studies. Previous estimates of rates of hospitalization attributable to influenza that used different study years, populations, and methods have ranged from 0.6 to 2.7 per 1000 children younger than five years of age. 1, 2, 15, [17] [18] [19] [20] [21] Similarly, our estimate of the outpatient influenza burden compares favorably with those of previous reports using different study years, populations, and methods. 1, 19, 20 Taken together, these studies document a substantial overall influenza burden among young children. Although the rationale for enhanced vaccination against influenza in children has been based primarily on hospitalization rates, reducing the number of outpatient visits attributable to the prevention of influenza by vaccination would have an even greater effect on costs. 22 Despite the strength of the NVSN data, several limitations should be noted. Surveillance was performed in two geographically diverse counties (in the Northeast and South) during the first three years and in a third county (in the Midwest) during the last year. Additional geographically diverse sites would enhance the generalizability of the findings. Geographic variation in influenza rates may have occurred, although the outpatient burden of influenza in 2002-2003 and 2003-2004 was similar across sites. 23 The lower rates of hospitalization attributable to influenza in Rochester may in part reflect differences in health care use; these differences are similar to those shown in previous studies. 24, 25 Although enrolled patients appeared to be representative of the eligible population, failure to enroll all eligible children and partial-week surveillance may have introduced bias. Because some eligible children were missed or did not meet our enrollment criteria, the observed rates modestly underestimate the true total influenza burden. 16 However, the detection of influenza infections was maximized by means of both viral culture and PCR testing. Influenza A was the predominant virus isolated, and additional years of surveillance are necessary to determine the effect of influenza B.
Outpatient surveillance was performed in selected clinics and pediatric emergency departments. Hence, we used national estimates of visits to clinics and emergency departments from January to March of 1998 to 2002 to estimate the 13-week rate of visits attributable to influenzarelated acute respiratory tract infection or fever. This seasonal definition included the majority of visits associated with influenza for each influenza season. 26 Estimates of rates of visits attributable to influenza that were based on national rates of visits attributable to acute respiratory tract infection or fever were similar to the direct calculation of rates of population-based visits to emergency departments in Cincinnati and Rochester that were attributable to influenza; this similarity lends further credence to this method.
Children's vaccination status was determined by parental report. Although the report of vaccination against influenza by adults is highly sensitive and specific, 27 the accuracy of parental report is not yet known. However, these rates are simi-influenza in young children lar to those in previous reports and the National Immunization Survey. 28, 29 Influenza illnesses cause a substantial health burden, yet most influenza infections are unrecognized clinically. Enhanced recognition of influenza can provide the opportunity for improved infection control, education about vaccination, and antiviral therapy. Although the universal recommendation that all children 6 to 23 months of age be vaccinated was driven primarily by high hospitalization rates, our findings demonstrate that the outpatient burden of influenza is substantial. 
